Interactive estimation of anisotropic parameters and velocities from PS-converted waves is achieved using a newly developed GUI package. γ , and eff χ are accurately estimated using this package, so an improved PS image can be easily obtained. This package can simplify the procedures for processing PS-wave data. The application of this package in processing PS wave data allows the same efficiency and productivity as in processing P-wave data.
Introduction
Traditionally, the four Thomsen (1986) parameters (V , , ε and δ) describe the PS converted wave (C-wave) propagation in transversely isotropic media with a vertical symmetry axis (TIV or polar anisotropy). Accurately estimating these parameters is the essential step in 4C seismic data processing. The non-hyperbolic behavior of the C-wave moveout caused by its asymmetric raypath and the TIV anisotropy prevents the use of the traditional hyperbolic moveout analysis, especially for long-offset data which are increasingly important both for anisotropic parameter estimation and for fluid and lithology prediction. 
V
Much effort has been applied to the development of the analytical theory for C-waves and the estimation of the anisotropy parameters and velocities from C-waves (Alkhalifah, 1997; Li and Yuan, 2001; Thomsen, 1999; Tsvankin and Thomsen, 1994) . Recent developments on C-wave moveout in the TIV media (Yuan, 2001 , Yuan et al, 2001 ) provide a theoretical basis for estimating the anisotropy parameters and building an anisotropy velocity model. In this theory, the travel-time for C-waves is controlled by four parameters, C-wave velocity (V ), vertical velocity ratio ( 2 c 0 γ ), effect velocity ratio ( eff γ ) and C-wave anisotropic parameter ( eff χ ) which can be converted to Thomsen's four parameters (Yuan, 2001) . Based on this theory, several scanning methods using semblance analysis were developed to estimate them separately (Dai and Li, 2001; Yuan, 2001) . However, these scanning methods are not efficient and are time-consuming because applying them to real data involves a lot of iterations for obtaining optimum values, other tools for quality control, and paper work for handling the picked parameters. There is a need to develop efficient tools to estimate the four parameters for C-waves. In this paper, I introduce a GUI (graphic user interface) package that I developed to estimate the four parameters interactively based on the anisotropy non-hyperbolic moveout analysis and show examples of this package to demonstrate its application to the Alba OBC 4C dataset. 
C-wave travel-time in TIV media
For TIV media, the two-way travel-time of a C-wave t can be approximated, in Taylor series form , as 
and eff eff eff eff
The purpose of parameter estimation is to find a set of parameters from seismic data so that the calculated traveltime can match the real travel-time of a given event in an ACP gather. To estimate these parameters, scanning techniques based on semblance analysis are widely used. In the scanning methods, some parameters are fixed at initial values, leaving only one or two free parameters for scanning. The scanning results of the free parameters are dependent on the values of the fixed parameters. A refining procedure is necessary, where these scanned parameters are used for scanning other parameters. It may take several iterations. Then the scanning results are applied to a moveout (NMO) correction procedure to check if the calculated travel-time matches the real travel-time or not. If not, the same procedure needs to be repeated with new initial values. Normally, an optimum result can be obtained using this technique but at a cost of significant the time and manpower. There is a need to develop a method that is efficient and less time consuming.
This can be achieved by comparing the calculated traveltime with the real travel-time directly using the GUI technique. For a given offset, the difference between the real and calculated travel-times is given by ) , , , , (
An error function can be defined as
Actually, e indicates the difference between the calculated travel-time and the real travel-time. The objective of an estimation procedure is to find a set of parameters for which e reaches its minimum. However, calculating e is not practical because picking t from seismic data is also a time-consuming job. To overcome this, alternatively, a curve of the calculated travel-times with preset parameters is instantly displayed on a computer screen over the target events of seismic data. Visually checking the fit between the travel-time curve and target events is easy, and updating the parameters is just a matter of a few mouse clicks. Since Based on this procedure, an interactive tool is developed to combine the whole procedure into one step. Figure 5 is a snapshot of the tool. An ACP gather of the PS data is displayed with its velocity spectrum which is calculated using the estimated In this tool, by pressing the mouse button, an anisotropic NMO curve calculated using the parameters is floated over the PS wave gather for visual checking. If the NMO curve does not match to an event, dragging the mouse can interactively change the values of the parameters and recalculate the NMO curve. If the NMO curve matches the event well, releasing the mouse button will record these values. After all events are matched with correct parameters, the NMO corrected gather can be viewed as shown in Figure 6 . If satisfied, the operator saves the estimated parameters into a file. Otherwise the parameters are adjusted again. The estimated parameters can be used for stacking or migration. Advantages of this method over scanning methods include the combination of several scanning methods into one step, and a dynamic display of accurately than by using scanning methods so that PS wave events can be perfectly flattened and a good PS image is then obtained. The package is more economical on time and cost than scanning methods. It is also more convenient. Application of this package to processing PS wave data shows the same efficiency and productivity as processing P-wave data. This package has a lot of potential in seismic processing.
